Context: Pre-existing renal dysfunction presents specific features that anesthesiologists must deal with. Anesthesia and renal function are connected and can interfere with each other. Induced hypotension anesthesia and the toxic effects of anesthetic drugs can further deteriorate renal function.
Context
Managing a patient with pre-existing renal dysfunction, who is undergoing surgery and anesthesia, presents a unique challenge to the anesthesiologist. A strict preoperative evaluation and optimization can reduce morbidity and mortality. Optimization of the patient with renal dysfunction need not only consider pre-existing renal function but also can reduce the possibility of acute kidney injury (AKI) in the post-operative period.
Evidence Acquisition

Current Definitions and Terminology
Chronic Kidney Disease (CKD)
The kidney disease outcomes quality initiative (K/DOQI) defined CKD in 2002 (1) as either kidney damage or decreased kidney function for three or more months. The national kidney foundation classifies CKD (2) based on pathology: diabetic glomerulosclerosis, glomerular diseases (primary or secondary), vascular diseases (including hypertension and microangiopathy), tubulointerstitial diseases (including obstructive or reflux nephropathy), cystic diseases, and diseases in renal transplant recipients (rejection, drug toxicity, recurrence of disease) (3) .
A glomerular filtration ratio (GFR) of less than 60 mL/minute/1.73 m 2 has been recently accepted as borderline for CKD, but renal failure can be defined as GFR less than 15 mL/minute/1.73 m 2 or requiring renal replacement therapy or transplantation (3).
Acute Kidney Injury (AKI)
In an effort to standardize the classification of AKI, in 2004 the acute dialysis quality initiative (ADQI) group proposed the RIFLE (4) criteria representing: risk of renal dysfunction (R); injury to the kidney (I); failure of kidney function (F); loss of kidney function (L); and end-stage kidney disease (E). The RIFLE criteria is based on estimation of GFR, serum creatinine level (SCr), and urine output (UO) in order to classify the severity of AKI.
AKI can also be classified as pre-renal, renal, and postrenal. Perioperatively, the most common form of AKI is due to acute tubular necrosis (ATN). A study in intensive care unit (ICU) patients found the most common causes of AKI were sepsis, major and prolonged surgery, cardiogenic shock, hypovolemia, and finally, drug-induced AKI.
In 2007 the acute kidney injury network (AKIN) proposed a modification to the RIFLE criteria (5). Despite their use in the current definitions of AKI, SCr and UO are not the ideal markers for AKI, and new potential biomarkers (under study) of AKI include neutrophil gelatinase-associated lipocalin (NGAL), cystatin C, and interleukin-18.
Results
Preoperative Evaluation and Preparation
Depending on the patient's status and the surgical procedure, the preoperative evaluation may require close communication between the primary care physician, nephrologist, surgeon, and anesthesiologist to determine if a patient is optimized for surgery. The national kidney foundation recommends the following assessments for patients with CKD: diagnosis (type of kidney disease), comorbid conditions, severity of CKD assessed by level of kidney function, complications related to level of kidney function, risk for loss of kidney function, and risk for cardiovascular disease (1) .
Comorbid conditions are generally underlying causes like diabetes or hypertension. A strict screening of these diseases is strongly recommended before surgery. Complications related to renal function (6) are summarized in Table 2.
The risk for cardiovascular complications should be promptly evaluated. The patient should undergo a routine electrocardiogram and often a cardiopulmonary exercise test, in order to identify high-risk patients. All present preoperative abnormalities, such as anemia, hyperkalemia, and metabolic acidosis, should be preoperatively corrected. A hemoglobin value of 10 g/dl is strongly recommended (7) . Hyperkalemia is to be corrected, especially, if electrocardiogram signs, such as bradycardia, peaked T wave, or QRS prolongation, are present. Calcium chloride, insulin and dextrose, sodium bicarbonate, and resins can be used to correct hyperkalemia (7) . If the patient is under dialysis treatment, the final dialysis prior to surgery should be scheduled 12 -24 hours before surgery. After the dialysis, several negative effects are faced, such as dehydration, hypokalemia, and residual anticoagulation as a result of heparin use. These negative effects can induce profound hypotension after the anesthesia induction and increase intraoperative bleeding.
Anesthetic Management
The anesthetic management of patients suffering from CKD is complex. Due to delayed gastric emptying and neuropathy, there is risk of gastric acid aspiration. Gastric aspiration prophylaxis can be managed using sodium citrate, metoclorpramide, anti-H2 drugs, and rapid induction (7). It is recommended choosing short-acting anesthetic drugs (propofol, remifentanil, cisatracurium, vecuronium) and at the same time not depending on renal metabolization and excretion. Sevoflurane can deteriorate renal function by fluoride ions and compound A production, so isoflurane remains the preferred anesthetic inhalator agent. After the induction, hypotension is often present. This hypotension can be explained by reduced blood volume (dialysis, diuretics), preoperative chronic antihypertensive drugs, autonomic neuropathy, anesthetic drugs, and mechanical ventilation (positive pressure) (8) . So, patients with CKD that do not require dialysis, or those at high risk for postoperative renal failure, must benefit by careful preoperative fluid optimization. Standard monitoring is generally used, but invasive monitoring and central venous access may be required in severe cases with cardiac comorbidities. Arteriovenous fistulas may be protected by avoiding blood pressure measuring and arterial or venous puncture in the proper arm. Using regional anesthesia (when appropriate) can avoid systemic endovenous anesthetic drugs. 
Perioperative Renal Protection
Risk Factors
Perioperative renal protection is a great challenge to the anesthesiologist (9) . First of all, the anesthesiologist must identify the patient at risk for postoperative renal failure. The risk factors are summarized in Table 3 .
NSAIDs are a well-known cause of postoperative renal dysfunction. The mechanisms involve mainly inhibition of prostaglandin synthesis and a decrease in aldosterone, which can lead to potassium retention. The main pathophysiological event is the misbalance between vasoconstrictor and vasodilator mediators, because of inhibition of cyclooxygenase enzymes and decreased synthesis of eicosanoids. These substances play a pivotal role in the regulation of renal function (10) . This phenomenon is more significant when several factors are also involved such as preoperative renal dysfunction, surgery stress, and hypovolemia (11) .
Radiocontrast dye-induced renal dysfunction can be mediated by an ischemic insult due to vasoconstriction and tubular injury. Recently, it has been reported that the contrast presents an osmotic load to the macula densa, activating the renin-angiotensin system and increasing ischemic damage (12) . Amphotericin B creates pores through cell membranes, increased ion leak, and increasing expenditure of energy for sodium pumps. Both mechanisms, vasoconstriction and increased energy demand, can contribute in ischemic damage (13) . Aminoglucosides cause cell damage due to the infiltrating proximal tubular membrane and proteolytic enzymes (14) . Acute renal failure presents a major complication in intensive care therapy, increasing the mortality likelihood up to 50%. Several risk factors have been recently identified during the patient stay in an intensive care unit. These factors include pre-renal, intra-renal, and post-renal causes. In the majority of cases, pre-renal origin is due to heart failure, hypovolemia, hypotension, sepsis, and bleeding (15) . Intra-renal damage is the cause of failure in approximately 10% -30% of patients suffering renal failure and presents in 90% as acute tubular necrosis. The remaining cases are classified as post-renal causes (calculus).
Cardio-vascular surgery is often associated with postoperative renal failure. Several factors are identified that can contribute to renal damage. These factors include pre-existing renal disease, diabetes, decreased cardiac function, emergency surgery, aortic cross clamping, and cardio-pulmonary bypass (16) . The common mechanisms are hypotension, severe bleeding, clots/embolism, prolonged ischemia, and the path physiological changes during cardiopulmonary bypass (non-pulsatile wave of blood circulation and inflammatory response).
Liver transplantation presents a challenge to the anesthesiologist and intensivists. Renal failure is a common complication after this kind of surgery (17) . Hypotension, hypovolemia, severe coagulopathy, bleeding, and inflammatory response are the main possible mechanisms. Liver failure, ascites, jaundice, and hepatorenal syndrome can induce renal failure as well.
Renal Protection
Renal protection is generally realized in three steps: maintaining systemic physiological parameters, avoiding nephrotoxicity, and pharmacological protection (18) .
Maintaining systemic physiological parameters is guaranteed by maintaining euvolemia, avoiding hypotension and hypertension, avoiding hypoxemia, avoiding severe anemia, and avoiding cardiac depression. Adequate control of hemodynamics, cardiac output, and oxygen delivery can guarantee normal renal function. The most common step is to ensure euvolemia and a normal blood pressure, avoiding both hypotension and hypertension. The patient suffering from chronic renal failure or at risk of acute renal injury has several reasons to be prone to hypotension. These reasons include volume depletion from chronic use of diuretics or dialysis, cardiorenal and renocardiac syndromes, sepsis, mechanical ventilation, vasodilatation due to anesthetic drugs, and autonomic dysreflexia. Maintaining euvolemia is often a difficult issue, because administering liquids is a "double-edged sword." The anesthesiologist can underfill or overfill the vascular bed of the patient, therefore, a careful plan must be considered. The literature recommends a mean arterial pressure ranging from 65 -70 mmHg, in spite of the idea that autoregulation is lost when the mean arterial pressure drops below 75 -80 mmHg (19, 20) . Monitoring of volemia status, blood pressure, and cardiac output is another critical point. The clinical examination consists of monitoring blood pressure, heart rate, capillary filling, the "raising legs test", and variability of pulse pressure. Clinical examination can be also completed by hemogasanalysis, thoracic X-ray, echocardiography, inferior vena cava index, mix venous saturation, up to Swan Ganz pulmonary catheter, and PICCO. The anesthesiologist must consider a hemoglobin level of approximately 10 g/dl and avoid severe anemia episodes. After the volemia restoration, if hypotension is still present, the anesthesiologist may consider vasopressors/inotropes, trying to raise blood pressure without severe renal vasoconstriction. Fluid administration is also recommended in order to prevent acute tubular necrosis after tumor lysis syndrome and contrast dye goal-directed therapy for sepsis management offers a slight reduction in acute kidney failure (21, 22) . Fluid type is another hot point. It is well known that colloids remain in the intravascular bed more than crystalloids and provide better hemodynamic response. Recently, it has been reported that using hydroxyethyl starch can increase the incidence of renal injury in septic patients (23, 24) . The combination of crystalloids with colloids seems a more reasonable regimen.
Avoiding nephrotoxicity is an essential step in managing these patients and preventing perioperative renal failure. The anesthesiologist must avoid the use of NSAIDs (25) , aminoglucosides (26) , vancomycin, immunosuppressant drugs (cyclosporine), contrast solutions (27, 28) , angiotensin receptor blocking agents (ARB), and convertase enzyme inhibitor (CEI) drugs. Pharmacological 4
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optimization includes balanced liquids administration, maintaining hemodynamic parameters, dopamine and fenoldopam, and diuretics (furosemide, mannitol). Pharmacologic protection includes different strategies and drugs. Dopamine has dose-dependent effects on dopaminergic, beta1-and alpha-adrenergic receptors. Its action on DA1 receptors results in increased renal blood flow and provides diuretic and natriuretic effects. Dopamine seems to be able to convert a patient from an oliguric to a nonoliguric state (29) . It was recently reported that low-dose dopamine (up to 3 mcg/kg/minute) may serve as a renal protector agent. Other studies showed no benefits of dopamine use for renal protection. In addition to renal protection, using a low-dose may elicit unexpected tachycardia and hypertension (30, 31) . Increasing cardiac output can partially explain its effect on renal blood flow. Another synthetic drug is fenoldopam. Fenoldopam has a similar action as dopamine on DA1 receptors, increasing renal blood flow but without adrenergic activity. However, several studies found no benefits as a renal protector, underlining that its hypotensive effect may be detrimental to renal function (32-34). Morelli et al. found a slight increase on creatinine clearance using low-dose fenoldopam in septic patients, suggesting further studies are needed because of lack of significance (35) . Another prestigious study stated that fenoldopam infusion did not reduce the need for renal replacement therapy or risk of 30-day mortality but was associated with an increased rate of hypotension (36) .
Nesiritide is a synthetic analogue of a brain natriuretic peptide. This peptide is secreted due to ventricular distention. Nesiritide promotes renal vasodilation, increasing renal blood flow. Nesiritide relieves the heart but has a natriuretic effect as well. Several authors found an increased urine output and a 6-month mortality benefit (37) . Further studies appear warranted.
Furosemide and mannitol may limit medullary hypoxia due to reduced oxygen consumption, blocking the sodium/potassium pump and free radical scavenging. Nacetylcysteine is a new antioxidant drug proposed as a renal protector to prevent contrast-induced nephropathy and during cardiopulmonary bypass (38) . Calcium blocking agents induce renal vasodilatation, increasing renal blood flow. Calcium blocking agents are proposed to counteract the nephrotoxic effects of calcineurin inhibitors (cyclosporine A, tacrolimus) used for immunosuppression (39, 40) .
Conclusions
Nowadays, increasingly aggressive surgery and the safety of anesthesia allow the surgical team to manage patients suffering from CKD. Managing these patients offers unique problems and challenges to the operating team. Good collaboration between different specialties is recommended. Careful preoperative optimization and optimal anesthesia care can guarantee the successful management of patients suffering from CKD undergoing surgery and anesthesia. Maintaining euvolemia, good blood pressure, avoiding nephrotoxicity, and pharmacological protection can decrease the incidence of perioperative renal damage.
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